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Pursuit of a 2nd Generation Bovine 
Rotavirus-based Vaccine Began Prior 

to the Withdrawal of RotaShield

• RRV-TV associated with transient and generally 
low grade fever in up to one-third of vaccinees

• Bovine RV-based vaccines characteristically 
non-reactogenic

• Human-bovine RV reassortants available for 
each of the four important VP7 serotypes





Studies with Human-Bovine (UK)
Rotavirus Reassortants with

G1, 2, 3 or 4 Specificity

– In 1991 in parallel with RRV-TV vaccine studies, 
initiated safety and immunogenicity trials with 
individual human-bovine rotavirus (UK) 
reassortants in adults, children and infants

– Reassortants with G1,2,3, or 4 specificity were 
safe and immunogenic (Clements-Mann et al., 1999)

–In 1995, in parallel with RRV-TV studies initiated 
sequential studies with the 4 reassortants
combined and showed it was safe and 
immunogenic (Clements-Mann et al., 2001)









All RV* Gastroenteritis 16 (12%)

4 (2.9%)

0 (0%)

17 (24%)

12 (17%)

3 (4.3%)

53% a

83% b

100%c

Parameter
Number Who Received
Quadrivalent

Vaccine
(N = 139)

Placebo
(N = 70)

Protective
Efficacy

Severity Score of
RV Gastroenteritis

> 7 (Mod-Severe)

> 11 (Severe)
*by EIA
aP = 0.026 (F.E.T.); 95% CI, 12, 74 bP <0.001; CI,52,94
cP = 0.037; CI, 34, 100

Protective Efficacy of Two Doses of Quadrivalent Rhesus 
Rotavirus (RV)-Based Vaccine (RotaShieldTM ) on the 
Occurrence of RV Gastroenteritis of Varying Severity 

over Two RV Seasons in Finland



All RV* Gastroenteritis 12 (7.5%)

5 (3.1%)

1 (0.6%)

15 (19%)

9 (11%)

5 (6.3%)

60% a

72% b

90% c

Parameter Quadrivalent
Vaccine
(N =161)

Placebo
(N = 80)

Protective
Efficacy

Severity Score of
RV Gastroenteritis

> 7 (Mod-Severe)

> 11 (Severe)

*by EIA
aP = 0.015 (F.E.T.), 95% CI,20, 80; 
cP = 0.016; CI, 36, 99

bP = 0.017; CI,23, 93;

Protective Efficacy of Two Doses of Quadrivalent Bovine

of RV Gastroenteritis of Varying Severity Over 
Two RV Seasons in Finland

Number Who Received

Rotavirus (RV)- Based Vaccine on the Occurrence 



Will a 4 Serotype 
(Quadrivalent) Rotavirus 

Vaccine Provide Adequate 
Protection for the 

Epidemiologically Important 
Serotypes in Developing 

Countries?



From: Santos and Hoshino, Rev. Med. Virol. 2005



The Need for a “Designer” RV 
Vaccine for the Developing 

Countries
• Serotype G9 has emerged as an important serotype 

in various parts of the world (e.g. India, Brazil), 
whereas serotype G8 appears important in Africa

• One or both of these two serotypes could be added 
to the quadrivalent RV vaccine, thus formulating a 
pentavalent or hexavalent vaccine

• Coverage of the VP7 serotypes will eliminate the 
need to protect against the various VP4 specificities 
recognized for various VP7 serotypes;

• Reassortants for these emerging serotypes are 
available.



The Risk of Intussusception 
Clouds the Future of All 
Live Rotavirus Vaccines

A Strategy of Vaccine  Delivery 
Derived from Lessons Learned 
from RotaShieldTM that has the 
Potential to Eliminate the Risk 

of Intussusception



Adapted from Chang et al, PIDJ, 2002 
& Chang, personal  communication



Age of Children 2 years  of age hospitalized with 
intussusception over a 7 year period (1994-2000) in Australia

Note: Included 3274 cases < 1 month to 91 years of age; over one-half were <1yr of age with peak at 6 months 
(where month was recorded [n=1611]). Excludes 93/94, 94/95, 95/96 for Queensland and 93/94, 95/96 for South 
Australia

From: Justice et al, 2005





Adapted from: Kapikian et al, JID (Suppl) 2005
Source of data: Simonsen et al JID (Suppl) 

2005 and personal communication
N.I.S.



Effect of Age of Vaccination on 
Occurrence of Intussusception

• Vaccinees 90 days of age at 1st dose developed 81% (35/43) 
of all cases occurring within 2 weeks after vaccination in 
CDC case-control study

• Vaccinees 90 days of age received only 38% of all 1st

doses according to CDC National Immunization Survey 

• No cases detected in <60 day old vaccinees (received 16% 
[~70,000] of ~433,000 1st doses)

• Conclusion: “Catch-up” vaccination of older infants 
(1st dose given after the ideally recommended age of 2 
months) contributed disproportionately to the number 
of cases. Therefore, the vaccination age had a striking 
effect on the absolute risk of intussusception
(Simonsen et al).



A. Adapted from Murphy et al, NEJM, 2001; NIS.         (B). From: Simonsen, personal communication
Note (A) The mean age at 1st dose was 123 days (NIS) ; 435,000 infants vaccinated in the 19 states (NIS)

(B)The mean age at 1st dose was ~8 weeks (similar to GSK trial); ~135,000 vaccinated in the 19 states (NIS)
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Note: Mean and median ages of 34,644 vaccinees and 34,630 controls at 
“dose”1 were 2 months (68.6 and 70 days, respectively)

Extracted from: Vesikari et al,NEJM 2006

Age of Infants at Entry into Pentavalent RV Vaccine 
(Rotateq) Trial





Extracted from Ruiz-Palacios et al, NEJM 2006

Age of Infants at Time of Administration of 
Monovalent RV Vaccine (Rotarix) in SafetyTrial

Note: Mean age of 31,673 vaccinees and 31,552 controls
at “dose 1” was  2 months (57.4 days)



Proposed Revised Schedule for Pentavalent or 
Hexavalent Human-Bovine (UK) Reassortant

Rotavirus Vaccine

• 1st oral dose given at 0-4 weeks of age;
• 2nd oral dose given at 4-8 weeks of age 

with a minimum of 3 weeks between the 
1st and 2nd doses

• No “catch up” vaccination beyond 8 
weeks of age

Rationale: Avoid vaccination in period of maximum
vulnerability for intussusception (4-9 mo) 



Will a 2-Dose Schedule Beginning in 
the 1st Month of Life Induce 

Protection?

• Natural subclinical neonatal RV infection induced 
protection against severe RV diarrhea in Australia 
(Bishop et al, Bhan et al)

• Neonatal bovine RV (NCDV) vaccination modified 
severity of RV GE in Finland (Vesikari et al)

• Neonatal dose of RRV-TV protected against fever 
associated with 2nd dose at 2 months of age in 
Finland (Vesikari et al)





Progress in the Shipment of Human-Bovine (UK) 
Reassortant Rotavirus Vaccine Strains to 

Licensees for Vaccine Production

Butantan Inst Foundation
Shantha Biotechnics
Chengdu Inst of Biological Products
Wutan Inst of Biological Products
Bharat Biotech
Serum Inst of India
Biological E
Aridis

Brazil Nov 2005*
India Feb 2006*
China March 2006
China March 2006
India April 2006
India Pending
India Pending
USA Pending

Institution Location Date Sent

*In production



Summary of Procedures to Develop
Human-Bovine Rotavirus Vaccine

Pre-seed reassortants with VP7 (G) 1,2,3,4 specificity with final passages in FRhL2 cells (NIH and Flow)
Also, pre-seed reassortants with VP7 (G) 8 or 9 specificity grown in primary AGMK cells (NIH)

Pre-seeds (except G8) adapted to vero cells (13 passages including 3 for cloning) [Wyeth]

Master Virus Seed (MVS) made in vero cells (Wyeth; ~3 liters each of G1-4,9)
Tested for adventitious agents (Wyeth)

MVS provided to licensees (NIH)

Manufacturer’s Working Virus Seed (MWVS) for each serotype to be made by licensee (~10 liters)

A single passage of aliquot of MWVS of each serotype used to make vaccine for clinical 
study and commercial product

Vaccine preparations tested in human clinical studies



Potential Advantages of Bovine (UK)  RV-based Vaccine

-Will be made in developing countries where it is needed

-Will be produced at an affordable price in developing countries 
and thus should be readily available

-Can be given to infants at an age when they are relatively 
refractory to the development of intussusception

-

- Can be a pentavalent or hexavalent formulation designed for 
developing countries with inclusion of important G8/ 9 types



Cost Matters in  Developed Countries, Too
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